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a  b  s  t  r  a  c  t
Field  experiments  were  conducted  in winter  seasons  of 2007-08  and  2008-09  at  Agriculture  Experi-
mental  Farm  of Indian  Statistical  Institute,  Giridih,  India  on  sandy  loam  soil.  Randomized  block  design
with  three  replications  was  followed  to  study  the  performance  of sole  and  intercrops  of  legumes  [Chick-
pea  (Cicer  arietinum  L.), Pea  (Pisum  sativum  L.),  Groundnut  (Arachis  hypogaea  L.),  Lentil  (Lens  esculenta
Moench)]  with  baby  corn  (Zea mays  L.)  in  2:1  (one  row  of  legume  planted  in  between  of  baby  corn
rows)  and  2:2 (two  rows  of legume  planted  in  between  of  baby  corn  rows)  additive  series  system.
Effects  on  weed  communities  were  characterized  in terms  of growth  and  species  diversity  (richness
and  evenness).  The  greater  the  crop  biomass,  the higher  the  weed  suppression  was.  Sole  baby  corn
was  densely  populated  by  weeds  and  also  had  higher  weed  biomass.  Nonetheless,  intercrops  suppresseed community structure
eed smothering efﬁciency
eed diversity
venness
ank-abundance diagram
weeds  growth  and  population  more  than  their  respective  sole  crop.  The  intercropping  systems  of  pea
or  chickpea  with  baby  corn  were  most  suppressive  of  weeds.  Weed  diversity  and  evenness  were  higher
in  intercropping  systems.  The  2:2  row  arrangement  appeared  to  be  the  most  weed competitive  row
arrangement.  Intercropping  of legumes  suppressed  the  emergence  of  the  most  troublesome  weeds  in  the
study.
© 2013 Royal Netherlands Society for Agricultural Sciences. Published by Elsevier B.V.. Introduction
The development of herbicide-resistant biotypes, environmen-
al sustainability and public health risk are cause of concern
f herbicide-dominated systems [1,2]. Use of herbicides in any
rop mixture is a risky endeavour and certainly not eco-friendly
pproach. Therefore, of late, scientists as well as farmers are seeking
 broader perspective to weed management than relying pri-
arily on herbicides [3,4]. Cultural tactics, sometimes referred
o as the ‘many little hammers’ approach, are alternative weed
anagement options that can effectively substitute for herbicides
5–7] and reduce herbicide inputs and cost [8,9]. Biological and
ultural weed controls are important components of integrated
eed management [10]. Diversiﬁcation of cropping systems, for
nstance by increasing the number of crop species grown, has been
roposed as a solution to some problems of modern agriculture
11,12].
Lately, researchers are confronted with the complex problem of
eed management by ecological means giving due consideration
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to minimal use of chemicals with least disturbance to the environ-
ment [13,14]. Apart from yield beneﬁts, intercropping (temporal
and spatial diversiﬁcation) strategies altered/reduced weed den-
sity and biomass [15,16]. Reduced weed biomass in intercropping
systems has been reported by several workers (Weil and McFad-
den [17] for maize (Zea mays) – soybean (Glysine max); Fleck et al.
[18] for maize (Zea mays) - bean/sunﬂower (Helianthus annuus);
Shetty and Rao [19] for sorghum (Sorghum bicolor)  - red gram
(Cajanus cajan); Bantilan et al. [20] for maize (Zea mays) - mungbean
(Vigna radiata)/peanut (Arachis hypogaea) but they did not explore
weed community structure in their study. There must be contin-
uing attention paid to study the weed dynamics and crop-weed
interference in intercropping systems [11,21]. More information
is needed concerning crop diversiﬁcation on weed dynamics and
community [21] and differential resources consumption by weeds
and crops [10]. Weed management using intercropping, however,
has hardly been studied in sub-humid tropics of India. Hence the
effects of baby corn-legumes [Chickpea (Cicer arietinum L.), Pea
(Pisum sativum L.), Groundnut (Arachis hypogaea L.), Lentil (Lens
esculenta Moench)] intercropping in 2:1 and 2:2 additive series
systems on weed biomass and population, weed dynamics and
community structure was  studied. The hypothesis of the study is
that intercrops can impose remarkably changes in weed commu-
nity structure than monocultures.
es. Published by Elsevier B.V. All rights reserved.
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Table 1
Recorded weed species during the experimentations.
Family Common Name Scientiﬁc Name
Poaceae Crab grass Digitaria sanguinalis
Crowfoot grass Dactyloctenium aegyptium
Yellow foxtail Setaria glauca
Bermuda grass Cynodon dactylon
Panic grass Panicum spp.
Canary grass Phalaris minor
Cyperaceae Nut sedge Cyperus rotundus
Fabaceae Yellow Sweet Clover Melilotus indica
White Sweet Clover Melilotus alba
Bur Clover Medicago denticulata
Bur Clover Medicago polymorpha
Chenopodiaceae Dogs Tooth Grass Chenopodium album
Nettle Leaf Goose Foot Chenopodium murale
Primulaceae Scarlet pimpernel Anagallis foemina
Euphorbiaceae Pill Pod Spurge Euphorbia hirta
Spurge Euphorbia geniculata
Phyllanthaceae Stonebreaker Phyllanthus niruri
Fumriaceae Fumitory Fumaria parviﬂora
Amaranthaceae Wild Amaranth Amaranthus viridis
Caryophyllaceae Corn Spurry Spergula arvensis
Asteraceae Cudweed Gnaphaliun indicum
Polygonaceae Knot weed Polygonum aviculare
Rumex Rumex acetocella
Brassicaceae Lesser swine-cress Coronapus didymus
harvesting date and recommended doses of fertilizers are given
below in the table.2 R.C. Sharma, P. Banik / NJAS - Wagenin
. Materials and Methods
.1. Experimental site
The study was carried out during the winter seasons of 2007-08
nd 2008-09 at Agricultural Experimental Farm of Indian Statis-
ical Institute, Giridih (240 1
′
N and 860 3’ E), Jharkhand, India
n sandy loam soil (sand 52.2%, silt 31.4%, clay 16.4%). Slightly
cidic (pH 6.3) soil having electrical conductivity 0.32 dSm-1, cation
xchange capacity (10.5 Cmol+ kg-1) and organic carbon 0.59%,
nd soil available nitrogen, phosphorus and potassium 121, 14
nd 149 kg ha-1, respectively. The mean maximum temperature is
enerally recorded in the month of June (40-45 ◦C) and minimum
emperature in January (2-5 ◦C). The mean annual rainfall is about
349 mm of which 82% occurs within the monsoon period (June
o September). Relative humidity ranges from 78 to 95%. Annual
otential evapo-transpiration (PET) is 1293 mm.  The mean daily
vaporation reaches to maximum of 12-15 mm per day in June and
inimum of 0.5-0.7 mm per day in January. The mean wind velocity
aries from 3.5 km hr-1 during October to 6.4 km hr-1 during April.
.2. Experimental design
Randomized block design with three replications was followed
o study the performance of sole and inter-crop of legumes with
aby corn in 2:1 (one row of legume planted between baby corn
ows) and 2:2 (two rows of legume planted between baby corn
ows) additive series systems on weed dynamics and community
tructure. Additive series means accommodation of legume in a
ell deﬁned row arrangement (2:1 or 2:2) without affecting the
opulation of baby corn. Likewise, 33% and 66% of normal popu-
ation of legume was accommodated with normal population of
aby corn in 2:1 and 2:2 row arrangement, respectively. Detailed
ntercropping treatments were T1: Baby corn (Zea mays L.), T2:
hickpea (Cicer arietinum L.), T3: Pea (Pisum sativum L.), T4: Ground-
ut (Arachis hypogaea L.), T5: Lentil (Lens esculenta Moench), T6:
aby corn + Chickpea (2:1), T7: Baby corn + Pea (2:1), T8: Baby corn +
roundnut (2:1), T9: Baby corn + Lentil (2:1), T10: Baby corn + Chick-
ea (2:2), T11: Baby corn + Pea (2:2), T12: Baby corn + Groundnut
2:2), T13: Baby corn + Lentil (2:2). The same agricultural manage-
ent was applied to all experimental units (3 m x 4 m = 12 m2
lots) Overnight water-soaked seeds of different crops were sown
t a depth of 3-5 cm below soil surface, except chickpea (7-9 cm).
egumes planted 30 cm apart from corn rows in the 2:1 and 20 cm
part from corn in the 2:2 arrangement - as presented below.
Row orientation of intercrops - 2:1 and 2:2 ratio additive series.Seeds of legumes were inoculated before sowing with their rec-
ommended strain of Rhizobium.  Full dose of P (60 kg/ha) and K
(60 kg/ha), and 20 kg of N was applied at the time of sowing to
legumes and baby corn- starter dose of fertilizer. And remaining
130 kg N was  applied in two  equal doses as band application to baby
corn only at 20 and 40 days after sowing. Weeds were allowed to
establish and grow in all experimental units. Six pluckings were
done to complete the baby corn harvest. Green fodder of corn
(fresh) and straw yield of legumes (at 20% moisture) were obtained
after subtracting of economic yield from their total above ground
biomass. Crops were sown on 1st December and 9th December in
2007 and 2008, respectively. Planting materials, spacing, seed rate
*2
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Crops Variety Spacing (cm) Seed rate* Harvest date (dd/mm/yy) Doses of nutrient (kg ha-1)
Row x Plant N P2O5 K2O
Baby corn Early composite 60 x 10 40 15.2.08 20.2.09 150 60 60
Chickpea Annegari 30 x 10 80 31.3.08 06.4.09 20 60 60
Pea  AK 12-24 30 x 10 75 29.3.08 04.4.09 20 60 60
Groundnut Arkel 30 x 15 85 13.4.08 17.4.09 20 60 60
Lentil  B 77 30 x 10 30 24.3.08 26.3.09 20 60 60
kg ha-1
.3. Indices to measure the weed community structure
.3.1. Weed density and dry weight
A quadrant sized 1 m by 1 m was placed in each plot randomly;
eeds sprawl inside the quadrant were considered for weed pop-
lation and biomass. All weeds inside a quadrant were uprooted
ust after harvesting of baby corn, separated and counted species-
ise (weed species recorded during experimentations are listed in
able 1). Subsequent to the weed count observation, the samples
ere dried seperately in hot air oven at 65oC till it attains constant
eight to record weed dry weight.
measure of species diversity in a community. Diversity indices
provide more information about community composition than
simply species richness. These indices reveal important informa-
tion about rarity and commonness of species in a community
[22].
2.3.3. Species richness
The species richness (S) is simply the number of species present
in an ecosystem/community [23]. This index is the oldest and sim-
plest measure of species diversity and makes no use of relative
abundances..3.2. Species diversity
Spcies diversity consists of two related components viz., species
ichness (number of species present) and relative abundances of
ifferent species or equitability. A diversity index is a mathematical
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Figure 1. Weed species and weed biomass (m-2) as inﬂ2.3.4. Shannon-Wiener index
The Shannon-Wiener index (H) is another index that is com-
monly used to characterize species diversity in a community. This
T13T12T11T10T9T8
ystems
2008
T13T12T11T10T9T8
ystems
2008
2008 2007 
SEm±  43.87 49.54 
LSD (p=0.05) 90.37 102.05 
2008 2007 
SEm±  48.91 56.21 
LSD (p=0.05) 100.75 115.79 
uenced by different cropping system treatments.
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ndex accounts for both abundance and evenness of the species
resent. The proportion of species ‘i’ relative to the species richness
pi) was calculated, and then multiplied by the natural logarithm
f this proportion (ln pi) [22].
 = −
S∑
i=1
Pi ∗ ln Pi
.3.5. Evenness
The species evenness (E) is the relative abundance or proportion
f individuals among the species. This index is calculated by divid-
ng H by Hmax (here Hmax = ln S). Evenness values range between
 and 1, with 1 being complete evenness [22].
 = H/Hmax = H/ ln S
.3.6. Rank-abundance diagrams
The rank-abundance curve provides a means for visually rep-
esenting species richness and species evenness. Species richness
an be viewed as the number of different species on the chart i.e.
ow many species were ranked. Species evenness is derived from
he slope of the line that ﬁts the graph. A steep gradient indicates
ow evenness as the high-ranking species have much higher abun-
ances than the low ranking species. A shallow gradient indicates
igh evenness as the abundances of different species are simi-
ar.
.3.7. Relative abundance
Relative abundance is the ratio (expressed as percent) of the
ensity of one species to the density of the weed community.
.3.8. Weed smothering efﬁciency (WSE)
Weed smothering efﬁciency can be deﬁned as:
SE  = (W1 − W2)/W1 × 100
Where,
W1: Weed population/biomass in sole baby corn
W2: Weed population/biomass in intercropping system
.4. Statistical analysis
The information collected on different parameters was sub-
ected to suitable statistical analysis following the procedures
escribed by Gomez and Gomez [24]. The least square difference
LSD/CD) was worked out where variance ratio (‘F’ test) was signif-
cant at 5% conﬁdence level for source of variances.
. Results
.1. Biomass production of baby corn and legumes
Sole crops yielded maximum economic and by-products.
iomass yields of all the crop species reduced when they gown in
ssociation but total biomass production of the system was higher
Table 2). The 2:2 row arrangement was superior in terms of total
iomass production over 2:1 row arrangement. Pea followed by
hickpea intercropped with baby corn in 2:2 ratio produced maxi-
um total biomass and baby corn equivalent yield.
.2. Weed density and biomassWeed density varied greatly over the year, it was higher in 2007-
8 than 2008-09. Density was remarkably lower in intercrops than
heir sole crops (Figure 1). Sole baby corn was most densely infestedFigure 2. Weed smothering efﬁciency (WSE) based on weed density and biomass
over sole baby corn in sole and intercropping systems.
as compared to sole and intercropped legumes, being lowest in case
of baby corn + pea (2:2). The 2:2 row arrangements had lower weed
population than the 2:1 planting system. Weed biomass followed
the trend as recorded for weed density.
3.3. Weed smothering efﬁciency (WSE)
Weed density declined by 29-42% and 67-87% in sole and inter-
crop legumes over sole baby corn, respectively (Figure 2). WhileH E S
Figure 3. Species richness, Shannon-Wiener diversity index and species evenness
at  different cropping system treatments.
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Table  2
Husked cob and green fodder yield of baby corn and grain/pod and straw yield of legumes and baby corn equivalent yield as inﬂuenced by intercropping systems.
Cropping system (CS) Husked Cob yield of
baby corn (Mg  ha-1)
Green fodder yield of
baby corn (Mg  ha-1)
Grain/pod yield of
legumes (Mg  ha-1)
Straw yield of legumes
(Mg  ha-1)
Baby corn equivalent
yield (Mg  ha-1)
2007–08 2008–09 2007–08 2008–09 2007–08 2008–09 2007–08 2008–09 2007–08 2008–09
T1: Baby corn (BC) 4.88 4.91 18.02 18.26 – – – – 4.88 4.91
T2: Chickpea (C) – – – – 1.78 1.84 2.99 2.95 1.42 2.12
T3: Pea (P) – – – – 2.08 2.18 2.75 2.86 2.29 2.62
T4: Groundnut (GN) – – – – 1.51 1.60 2.17 2.31 1.56 2.24
T5: Lentil (L) – – – – 1.56 1.66 2.09 2.26 1.77 2.07
T6: BC+C (2:1) 4.30 4.48 16.95 16.98 0.64 0.68 1.10 1.12 4.98 5.26
T7: BC+C (2:2) 4.47 4.72 17.52 17.59 1.04 1.10 1.90 1.94 5.58 5.99
T8: BC+P(2:1) 4.44 4.61 17.19 17.29 0.80 0.84 1.10 1.16 5.32 5.62
T9: BC+P(2:2) 4.71 4.88 17.94 18.00 1.23 1.28 1.75 1.94 6.06 6.42
T10: BC+GN(2:1) 4.39 4.59 16.87 16.96 0.55 0.60 0.91 1.01 4.96 5.43
T11: BC+GN(2:2) 4.65 4.83 17.65 17.73 0.71 0.78 1.17 1.26 5.38 5.92
T12: BC+L (2:1) 4.67 4.81 17.15 17.17 0.58 0.62 0.99 1.14 5.33 5.58
T13: BC+L (2:2) 4.76 4.85 17.70 17.80 0.67 0.73 1.01 1.20 5.52 5.76
SEm  ± 0.07 0.09 0.19 0.20 0.09 0.11
LSD  (p=0.05) 0.15 0.20 0.41 0.42 0.19 0.23
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Figure 4. Rank-abundance diagram of weed species in sole baby corn.
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.4. Species richness
Highest number of weed species (24) were recorded in sole
rops (baby corn and legumes), while intercrops in 2:2 con-
ained fewer weed species (Digitaria sanguinalis, Cynodon dactylon,
anicum spp., Cyperus rotundus, Melilotus indica, Melilotus indica,
edicago denticulate, Medicago molymorpha, Chenopodium album,
nagallis foemina, Euphorbia hirta, Fumaria parviﬂora, Spergula
rvensis, Polygonum aviculare, Coronapus didymus) [Figure 3]. Weed
pecies was minimum in baby corn + pea (2:2) intercropping
n 2007 (species not present: Dactyloctenium aegyptium, Setaria
lauca, Phalaris minor, Phylenthus niruri, Chenopodium murale,
uphorbia geniculata, Amaranthus viridis, Gnaphalian indicum,
umex acetocella), while equal numbers (15), yet lower, recorded
n baby corn + pea (2:2), baby corn + chickpea (2:2) and baby corn
 lentil (2:2) in 2008. The number of weed species was  highest in
ole crops.
Weed species was maximum in sole crops. Fifteen weed species
ppeared in all the system. However, among them nine weed
pecies viz., Setaria glauca,  Panicum sp., Phalaris minor,  Phylan-
hus niruri, Chenopodium murale,  Euphorbia geniculata,  Amaranthus
iridis,  Gnaphalia indicum and Rumex acetocella did not appear in
ifferent intercropping systems in 2007-08, whereas in 2008-09
wo more species namely, Dactyloctenium aegyptium and Melilotus
ndica were registered. Phalaris minor,  E. geniculata,  A. viridis and G.
ndicum were absent in most of the intercropping systems in 2007,
hile S. glauca,  P. minor,  G. indicum, E. geniculata and R. acetocella
ere absent in 2008.
.5. Shannon-Wiener diversity index and Equitability/Evenness
Greater weed diversity was observed in intercropping systems,
aby corn + pea, than that of their respective sole cropping systems.
ean weed diversity was higher in 2:2 row arrangements than
:1 row arrangement (Figure 3). Weed species evenness followed
 similar trend as recorded in diversity (Figure 3).f weed species in sole legumes.
3.6. Rank-abundance plots
The rank-abundance diagrams obtained by plotting the propor-
tional abundance of every species against its rank of abundance
for weed species occurred at all thirteen treatments (sole and
intercrop) have been given in Figures 4–7. Log-normal curve was
noticed in all the cases in both the years indicating a normal dis-
tribution of weed species: a few species with few individuals, few
with a lot of individuals, but most with an intermediate number.
Six species (Digitaria sanguinalis, Medicago denticulata, Anagallis
foemina, Spergula arvensis, Polygonum aviculare, Coronapus didy-
mus) are comprised 89% of the weed community in sole baby
corn, whereas eight weeds species (Digitaria sanguinalis, Cynodon
dactylon, Cyperus rotundus, Medicago denticulata, Anagallis foem-
ina, Spergula arvensis, Polygonum aviculare, Coronapus didymus)
comprised 89% in baby corn + pea intercropping. Intercropping
suppressed the emergence of nine troublesome weed species
(Dactyloctenium aegyptium, Setaria glauca, Phalaris minor, Phylen-
thus niruri, Chenopodium murale, Euphorbia geniculata, Amaranthus
viridis, Gnaphalian indicum, Rumex acetocella)  in corn.
4. Discussion
Yield was  closely related to crop biomass production and may
be used as an indicator of the amount of resources captured by
a crop component. Weeds growth decreased considerably as the
biomass production of crop increased. Therefore, minimum weed
biomass and weed species had been noticed in intercropping sys-
tems, particularly in 2:2 row arrangements. Liebman and Dyck [16]
explained such weed control advantages through intercropping
either by weed-suppression or by weed-tolerance or by conver-
sion of resources to harvestable material more efﬁciently than sole
crop. Weed took advantages of the initial slow growth rate and
wider spacing of sole cropped baby corn, therefore, maximum weed
biomass and weed density were observed under this treatment.
Crop type affected weed community composition even though it
did not alter species number in sole cropping systems. However,
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was likely to be a good light competitor as opined by Gomez [25].
The broad but low canopy of legumes might have also reduced
light level for shorter weeds. Since both the species (baby corn and
legumes) grown at the same time in this experiment, weed species
began to germinate at the same time. But unlike baby corn, by the
time legumes had developed a dense canopy, weed species already
had grown to a height above that of legumes canopy. Therefore,
highest weed suppression occurred in the 2:2 intercropping sys-
tem. Previous research (with cereal and pulse crops) also endorsed
similar results [26]. Shading by dominant crop produces thinning
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nd/or mortality effect on individuals of subordinate weed species,
hich consequently reduces evenness among weed species rich-
ess [27,28]. Shading may  also inhibit the germination of some
pecies by inducing secondary dormancy in seeds, which could be
aused by the modiﬁcation of either the light quality by the canopy
29,30] or the amplitude of the soil temperature [29,31,32]. The
egree to which a crop reduces both species diversity, abundance,
nd the amount of propagules produced by the survivor weeds dur-
ng its growing period would be reﬂected in the weed community
tructure of the following crops or season.
Resources used by the intercrops differed from that of mono-
ulture and resulted in greater crop biomass production and weed
rowth suppression [19]. The mean weed biomass and species
ichness in the monocultures were signiﬁcantly greater than the
ean weed biomass and richness in the additive series intercrop-
ing systems. This might be due to not only a synergistic effect of
he mixture but also the total higher crop density in the additive
ntercropping system (2:2) as compared to the sole crops and 2:1
ntercropping system.
Species diversity of weed community was modiﬁed differently
y crop treatments. Species number decreased signiﬁcantly, but
venness increased in intercropping systems than their respec-
ive sole cropping systems. Evenness of weed communities was
hanged by the crop presence in two ways. Firstly, crop(s) reduced
he abundance of the dominant weed species, which is shown
y the difference among treatments. Secondly, presence of crop
ecreased the equitability in the partitioning of the total biomass
mong the species in the community. This is represented by the
lope of the rank-abundance plots. Intercrop showed high reduc-
ion of dominant and rare weed species and biomass.
. Conclusion
Weed density, biomass and species richness were higher in
he ﬁrst-year than the second-year of experiment. Intercropping
ystems possessed lower weed density and biomass over their
espective sole crop. However, sole baby corn recorded maxi-
um  weed density and biomass. Weed diversity and evenness was
igher in intercrops, being maximum in baby corn + pea followed
y baby corn + chickpea. Six species (Digitaria sanguinalis, Medicago
enticulata, Anagallis foemina, Spergula arvensis, Polygonum avicu-
are, Coronapus didymus) comprised 89% of the weed community
n sole baby corn, whereas eight weeds species (Digitaria san-
uinalis, Cynodon dactylon, Cyperus rotundus, Medicago denticulata,
nagallis foemina, Spergula arvensis, Polygonum aviculare, Corona-
us didymus) comprised 89% in baby corn + pea intercropping. The
:2 arrangement appeared to be the most weed competitive row
rrangement. Intercropping of legumes suppressed the emergence
f the most troublesome weeds in the study. Hence intercropping
ay  be able to reduce the impact of these weed species on a rota-
ional basis without giving any extra efforts and/or inputs.
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